Abstract. The generation tripping sensitive point could be located by absolute kinetic energy incremental index. A method was proposed which is used to locate this point based on the estimation of unbalance power during short circuit period. The voltage was separated to two parts: one was determined by the pre-fault power flow, the other was determined by the equivalent voltage at the fault point. The voltages of the generators were calculated with superposition principle. Then the unbalance power of generators could be computed. The sensitive points of generation tripping were determined by this power. The effectiveness of the proposed approach is verified by simulation results of a ten-machine 39-bus system.
Introduction
Generator tripping and load shedding are the most widely used and mature emergency control measures in power system. Considerable research effort has been devoted to the methods. The Extend Equal Area Criterion(EEAC) is used for fast valving and generator tripping [1] . On the basis of local energy function (PEF), maximum speed of generator is testing with PMU and can be used to determine the amount of generator tripping after compare with the threshold value [2, 3] . In [4] , a emergency control optimal model which combined with the configuration and operation requirements of the actual power grid security and stability control system and under transient stability based on the perturbed trajectories (results from time domain simulation) is provided, one method of generator tripping is depends on the amount of unbalance power. ΔP integral is the start-up criterion of transient stability control [5] . In [6] , the concept of absolute kinetic energy increment(AKEI) is proposed and it can be supplied in identifying Instability Model. The emergency control under 0-1 programming can be utilized on the ground of absolute kinetic energy increment (AKEI) [7] .
In this paper, a fast estimation based on generator's unbalance power is proposed. The voltage was separated to two parts, the voltage and phase angle during short circuit period was calculated with superposition principle. Then the unbalance power of generators could be computed, and the sensitive points of generation tripping can be determined by the power.
Research on system instability sensitivity index during short circuit period
For the study, simplify the power system: synchronous generator is expressed as vertical axis transient reactance ' d x and a constant potential, the voltage phase angle is keeping with the rotor angle δ phase, using constant impedance load modeling, the input mechanical power mi P is assumed to be constant. Based on the above assumptions, the differential equation for multi-machine power system dynamic characteristics is： ( )
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In general, time from the short circuit fault occurs to fault clears is relatively short. Although the generator rotor's speed changes sharply but the distance between the rotor of different generators is not space out during this time, and the change of the phase angle relative to center of inertia is not obvious. Consider the above, the potential energy form of the partial energy function can be ignored so the PEF can be expressed as:
Then discuss the relation between PEF and the unbalance power of generator during outage. The i th generator's swing equation of the generator rotor relative to center of inertia is:
For each generator in power system, its inertia is much less than the inertia of the whole system,
, considering it we get (7):
Combining (7) with (5) Research shows that, the absolute kinetic energy increment index in short circuit period display a substantial correlation with generator instability mode [6] . The generator out of step at first has more kinetic energy increment than the rest. We make use of the absolute kinetic energy increment in short circuit period as criteria for judging the instability mode, it is obtained as:
The reason why using the absolute kinetic energy increment ΔEik instead of PEF as sensibility control index is that we can get whether the generator is acceleration or deceleration by the ΔEik 'value (positive or negative). On the contrary, the PEF kinetic energy index is always positive value no matter the generator is acceleration or deceleration. Absolute kinetic energy increment with the clear physical definition: the actual mechanical kinetic energy increment of generator rotor in the integral time.
In equation (9), tc is the clearing time. Assume i P ∆ is a constant during the failure period, equation (9) can be simplified as the approximate absolute kinetic energy increment:
The assumption based on the condition that the short circuit fault duration is very short. To the power system model which contraction in the generator node and consisted of n generators, the electric power of generator is: (11) According to the analysis above, use approximate absolute kinetic energy increment of generator
) as sensibility control index. To calculate the index, we need a special power flow algorithm for the calculation of unbalance power during the short circuit period.
Research based on superposition principle of accelerating power fast estimation
The short circuit fault cause energy blockage in the generator. The absolute kinetic energy increment of generator in short circuit period can be obtained by integrating the accelerating power, the kinetic energy increment has great impact on instability mode. Although we can get accurate kinetic energy increment through digital simulation, but the digital simulation is time consuming and difficult to conduct a quick scan of expected failure in a short period of time. In this section, a short circuit current calculation method based on superposition principle is proposed, according to the accelerating power fast estimation of generator during failure period, the absolute kinetic energy increment can be estimated.
The power flow in three-phase short circuit period can't be calculated by traditional power flow algorithms: Newton Laphson iteration, PQ decoupled load flow. Notice the two points:
(1) the voltage of short circuit node drop to zero; 
Fig. 1. Application of Superposition principle
With the superposition of the two states, the voltage of fault point D is zero in single-phase system, it is equal to the three-phase short circuit state. The voltages of each node calculated in the second state is the fault component of equivalent potential of failure point during short circuit period. Superimpose the result on the first state, we get the node voltage during short circuit period.
When calculate the node voltage during short circuit period based on superposition principle.
The voltage of fault point before fault occurs is
, with self-impedance Zdd of the fault point D, the short circuit current is:
Conventionally, the positive direction of electric current is that of the injection node current, consequently, get rid of negative value of equation (12), combining short circuit current as the only nonzero element with network equation:
The component of voltage of each node arise from short circuit current is:
Where Zdi is the mutual impedance between short point D and node i. the node voltage during short circuit period can be obtained by adding the component of voltage to the node voltage (15) According to the above method, calculate the generator terminal voltage during failure period and estimate the accelerating power, generator using the second-order model with ' E is constant, on the basis of steady state power flow, generator internal potential before failure is:
Steady state current i I  can be represented as:
Pi and Qi is respectively: active power and reactive power, according to the fact that the power-angle won't mutate when fault taking place and ' E is constant, we can estimate the electric power of generator during failure time:
Assuming that the mechanical power keeps constant in short circuit period, then the unbalance power is:
By above research, the position of sensitive control point can be confirmed according to the amount of unbalance acceleration power during short circuit period, it is beneficial to deciding the position and amount of generator tripping.
Realization of unbalance power rapid estimation algorithm

The processing of load and generator branch
The method for estimating unbalance power is proposed in above section, some problems remains to be solved to realize the algorithm. The first step is processing the load, convert load into impedance, substituting it in nodal admittance matrix. Assuming that a power system consist of N nodes, there are n generator nodes(node 1 to node n ), nodes n+1~N are other nodes, the impedance corresponding to the load is:
Where lj li jQ P + is the load of node i,
V is the voltage magnitude of node i, dispose the generator node in the same way, the admittance of generator branch is expressed in the equation:
The node admittance matrix of the network is shown as equation (22): 
Algorithm process
The algorithm flow of accelerating power rapid estimation is shown in figure 2 . 
Analysis of examples
In order to test the method we proposed, apply the 10-generator 39-bus system for simulation analyses. As shown in figure 3 , assume three phase short circuit fault occurring on the bus 16, fault clearing for line 16-17 is operated in 0.12s later. As shown in table 1, the three bus of maximum accelerating power are: bus 33, bus 35 and bus 36. Determine the generator tripping control sensitive point is located in the three bus. Conduct generator tripping at bus 35 and bus 36, the generator tripping value for each bus is 100MW respectively, the system is stable, The Angle curve is shown in figure 5 . 
Conclusion
In this paper, an algorithm for computing unbalance power during short circuit is performed. Based on the superposition principle, assume the voltage in fault time consists of two parts: one is the voltage in normal condition, another voltage is produced by a voltage source which located in the failure point and its magnitude and phase angle are same with the voltage determined by the pre-fault power flow at fault point, but the voltage source has opposite polarity as the voltage at fault point under normal condition. We can get the unbalance power of generator after the calculating of generator voltage, the generator tripping control sensitive point can be determined by the unbalance power. Simulation on the 10-generator 39-bus system testifies that the method is correct and effective.
